Background: Hantaviruses are the causative agents of two zoonotic diseases: hemorrhagic fever with renal syndrome (HFRS) and hantavirus cardiopulmonary syndrome (HCPS). The pathogenesis of HFRS is poorly understood. However, it has been suggested that immune mechanisms, including cytokines, might have an important role in HFRS pathogenesis. Thus, the aim of our study was to investigate cytokine profiles in serum samples of HFRS patients from Slovenia and explore a possible correlation between cytokine levels and disease severity. Methods: Acute-phase serum samples from 52 patients, diagnosed with DOBV infection, and 61 patients, diagnosed with PUUV infection, were included in this study. Patients were divided into two groups -severe or mild -based on disease severity. Levels of IL-10, IL-12, INF-γ and TNF-α were measured in the serum samples with commercial ELISA tests. Results: Increased levels of IL-10, INF-γ, and TNF-α were found in almost all the serum samples tested. On average, higher concentrations were detected in patients infected with DOBV than PUUV. Furthermore, significantly higher levels of IL-10 (P = 0.001) and TNF-α (P = 0.003) were found in patients with a more severe clinical course of disease. The same association between IL-10 (P < 0.001) and TNF-α (P = 0.021), and the severity of the disease was observed also when only patients infected with DOBV were considered. No differences in cytokine concentrations according to disease severity were observed in patients infected with PUUV. Concentrations of serum IL-12 in HFRS patients were in the normal range, however, higher levels were detected in patients infected with PUUV than in patients infected with DOBV. Conclusions: We suggest that imbalance in production of proinflammatory and regulatory cytokines might be in part responsible for a more severe course of HFRS.
Background
Hantaviruses, rodent-borne bunyaviruses, are the etiologic agents of two zoonotic diseases: hemorrhagic fever with renal syndrome (HFRS) and hantavirus cardiopulmonary syndrome (HCPS) [1] .
In HFRS, the severity of the disease varies depending on the particular virus involved. Hantaan (HTNV) and Dobrava viruses (DOBV) tend to produce the most severe disease, with mortality rates 5-10%. Puumala virus (PUUV) usually causes a less severe disease, called nephropathia epidemica (NE), with mortality rate of less than 1% and Seoul virus (SEOV) typically produces disease of intermediate severity with a 1% mortality rate. Clinically, HFRS presents with sudden onset of fever, headache and myalgia with renal impairment as the predominant organ manifestation. Clinical symptoms also include thrombocytopenia and, in severe cases, hemorrhages as a result of the vascular endothelium disfunction [2] [3] [4] .
The pathogenesis of HFRS, like that of many other viral hemorrhagic fevers, is poorly understood. Because of the lack of suitable animal models, pathogenesis research is limited to in vitro and rare clinical studies. Endothelial cells and monocytes are thought to be the primary cell targets of the viruses, but infection doesn't seem to have any direct cytopathic effect on these cells. Therefore, it has been suggested that HFRS pathogenesis is likely to be a complex multifactorial process that includes contributions from immune responses, platelet dysfunction, disregulation of endothelial cell barrier functions and hosts' genetic factors [5] [6] [7] . Among immune parameters, certain cytokines such as IL-1, IL-6, IL-10 and TNF-α were suggested to be involved in the pathogenesis, since increased levels of these cytokines were found in patients with HFRS [8] [9] [10] [11] .
The presence of HFRS in Slovenia was first reported in 1954. Since then, over 300 cases occurring sporadically or in small epidemics have been documented. Both severe and mild clinical courses of the disease are observed, with an overall mortality rate of 3,3%. It has been demonstrated earlier that in Slovenia DOBV and PUUV co-exist in a single endemic region and are capable of causing HFRS with significant differences in disease severity as well as mortality. Namely, all fatal HFRS cases so far have been caused by DOBV infection, resulting in 8,3% mortality rate for DOBV associated HFRS. Furthermore, differences in disease severity within the HFRS cases caused by DOBV have been noticed. [ [12, 13] , unpublished data].
In light of previous findings, the aim of our study was to investigate cytokine profiles in serum samples of HFRS patients from Slovenia. To the best of our knowledge, this is the first study describing serum cytokine levels in patients infected with DOBV. In addition, comparison of the serum levels of cytokines in patients infected with DOBV and PUUV, causative agents of HFRS, is described for the first time. We also explore a possible correlation between cytokine levels and disease severity.
Methods

Study subjects and sample collection
In Slovenia, 298 HFRS cases were reported between 1985 and July 2010. One-hundred-and-twelve (37.6%) of the patients were diagnosed with DOBV and 186 (62.4%) with PUUV infection. Acute-phase serum samples from 52 patients, diagnosed with DOBV infection, and 61 patients, diagnosed with PUUV infection, were included in this study. The patients were treated at several infectious disease hospitals across the country and clinical data for the patients was collected retrospectively. During the course of the disease, the clinical diagnosis was confirmed serologically by an indirect immunofluorescence assay (IFA) and enzyme-linked immuno assay (ELISA) IgM and IgG tests with HTNV, PUUV and DOBV antigens as described previously [12] . The remains of the samples were stored in our laboratory at -80°C.
Patients, infected with DOBV or PUUV, were divided into two groups -severe or mild-moderate -based on disease severity. Categorization was based on clinical and laboratory parameters employed in the proposed Croatian scale for grading the disease severity in patients with HFRS (Table 1) [14] . Namely, patients with a total score of 12 or more were defined as having a severe course of the disease.
Since the study was retrospective, informed consent from the patients was not obtained. Instead, the research was approved by the National Medical Ethics Committee of the Republic of Slovenia. Also, the principles of the Helsinki Declaration, the Oviedo Convention on Human Rights and Biomedicine and the Slovene Code of Medical Deontology were followed in the conduct of this research. No additional sample was taken for the purpose of the study.
Cytokine assays
Serum levels of IL-10, IL-12, INF-γ and TNF-α were measured retrospectively with commercial ELISA tests. Namely, for the determination of IL-10, IL-12 and INF-γ, Endogen ® Human IL-10 ELISA kit, Endogen ® Total Human IL-12 ELISA kit, and Endogen ® Human INF-γ ELISA kit (all Pierce Biotechnology, Inc.) were used. ELISA Quantikine HS Human TNF-α Immunoassay (R&D Systems, Inc.) test was used to measure TNF-α concentrations. The limits of detection for IL-10, IL-12, INF-γ and TNF-α were < 3 pg/ml, < 5 pg/ml, < 2 pg/ml and < 0.106 pg/ml, respectively. Normal values for IL-10, IL-12, INF-γ and TNF-α were determined to be < 7.65 pg/ml, < 258 pg/ml, < 1 pg/ml and < 2.42 pg/ml, respectively. They were measured in serum samples of healthy adult blood donors by the Laboratory for Allergy and Cytokine Diagnostics at the Institute of Microbiology and Immunology, Medical Faculty, Ljubljana, Slovenia.
Statistical analysis
Results were analysed using the statistical software package SPSS 17.0 for Windows (SPSS Inc.). The relationship between the variables and the clinical classification was evaluated using Mann-Whitney or Kruskal-Wallis tests for continuous variables. The correlation among variables was assessed with Pearson's test and multiple linear regression. P values of < 0.05 were considered significant.
Results
Clinical data
Fifty-two patients with confirmed acute DOBV infection and 61 patients with confirmed PUUV infection were enrolled in the study. On the basis of their case records, 30 patients, infected with DOBV, were categorized as having severe disease and 22 as having mild-moderate disease. From patients infected with PUUV 19 were categorized as having severe disease and 42 as having mild-moderate disease. The main clinical characteristics and laboratory values of patients' groups are summarized in Tables 2 and 3 .
Cytokine levels
Concentrations of IL-10, IL-12 and INF-γ were determined retrospectively in all serum samples. Due to the limited volume of available samples, levels of TNF-α could only be measured in 46 and 55 serum samples of patients infected with DOBV and PUUV, respectively (Table 4) . Elevated levels of IL-10, INF-γ and TNF-α were detected in almost all the samples tested, regardless of the causative agent or the clinical course of the disease. On the contrary, concentrations of IL-12 were in the normal range, even more, detected levels of IL-12 in patients infected with DOBV were significantly lower than values detected in healthy blood donor volunteers (P = 0.006) (data not shown). Serum concentrations of IL-12 were higher in patients infected with PUUV than in patients infected with DOBV, but the difference was not significant (P = 0.18). Also serum levels of IL-12 detected in PUUV infected patients did not differ from normal values (P = 0.34). In DOBV infected patients mean concentrations of IL-10 and INF-γ were higher than in patients infected with PUUV, however the differences were not significant (P = 0.17 and P = 0.36). No considerable difference was observed in TNF-α levels between patients infected with DOBV and PUUV (P = 0.17) (Figure 1) .
When patients were divided according to disease severity, regardless of the causative agent, significantly higher levels of IL-10 and TNF-α were detected in the patients with severe disease course (P = 0.001 and P = 0.003). (Figure 2) . In DOBV infected patients higher levels of all measured cytokines were detected in patients with severe disease course than in patients with mild-moderate disease course. Significant differences were observed for IL-10 (P < 0.001) and TNF-α (P = 0.021), while detected values of IL-12 and INF-γ were not significantly different between these two patients' groups (P = 0.26 and P = 0.09) (Figure 3) .
For the patients diagnosed with PUUV infection, no significant differences in cytokine concentrations were observed regarding the disease severity. Higher mean levels of IL-12 (P = 0.97) and INF-γ (P = 0.71) were detected in patients with severe than with mild-moderate disease course, while the opposite was true for IL-10 (P = 0.87) and TNF-α (P = 0.12) (Figure 3 ).
When cytokine levels were compared according to the day of illness the sample was taken, no time dependence could be observed for any group of patients, regardless of the causative agent or the clinical course of the disease (data not shown).
Discussion
Growing evidence exists that immune mechanisms rather than direct viral cytopathology are responsible for the changes in vascular permeability, the principal abnormality, in both HFRS and HCPS [6, 15] . Activation of hantavirus specific CD8+ T cells and cytokine production seem to be of special importance, since high levels of these cells have been found in blood, lung, and kidney tissues of HCPS and HFRS patients [16] [17] [18] .
This study is the first to describe serum cytokine levels in patients infected with DOBV and also to compare the detected levels in patients infected with DOBV and PUUV. In our study, increased levels of IL-10, INF-γ, and TNF-α were found in serum samples of most HFRS patients. On average, higher concentrations were detected in patients infected with DOBV than PUUV. Furthermore, in patients infected with DOBV, higher levels of these cytokines were found in patients with a more severe clinical course of disease. No differences in cytokine concentrations according to disease severity were observed in patients infected with PUUV. It has previously been established, that severe cases of HFRS in Slovenia are mainly caused by DOBV, while infection with PUUV usually results in a milder form of disease [12, 13] . This has once again been confirmed with patients included in this study, since the occurrence and intensity of clinical and laboratory findings were higher in patients infected with DOBV than PUUV. Therefore, it is expectable, that the differences in disease severity in patients infected with PUUV are smaller. Increased levels of TNF-α have also been demonstrated in studies of patients with Korean hemorrhagic fever and patients with HCPS. However, no association with disease severity could be established in either of these studies [8, 19, 20] . Increased levels of TNF-α, IL-6 and IL-10 have previously been detected in patients with NE, where TNF-α levels were found to correlate with hypotension and serum NO levels and plasma IL-6 levels were associated with a more severe form of NE [9, 11] . In addition, increased IL-10 and TNF-α production was demonstrated in cynomolgous monkeys infected with wild-type PUUV, where highest concentrations of TNF-α were detected in the most affected monkey [21] . High IL-10 and TNF-α serum values were also found in patients with severe course of dengue hemorrhagic fever and Argentine hemorrhagic fever, which have similar clinical presentations to HFRS [22] [23] [24] .
On the basis of the results of our and previous studies, we believe that imbalance in production of proinflammatory and regulatory cytokines might be associated with disease severity in HFRS. Similar has been proposed for HCPS, where a mixed Th1/Th2 immune response was observed in serum samples of HCPS patients and the levels of Th1 cytokines correlated with disease severity [19] .
In our opinion, a strong inflammatory response to virus particles and immune complexes, mainly represented by TNF-α and INF-γ, causing changes in vascular permeability, could contribute to a more severe clinical course of HFRS. Also, high production of inflammatory cytokines in turn leads to increased production of regulatory cytokines, such as IL-10, and possibly to immunosuppression. IL-10 also promotes further antibody production, likely resulting in even higher number of immune complexes, which deposit on capillary walls and in tissues. At the same time, IL-10 inhibits cell-mediated immunity by down regulating IL-12 expression, thus interfering with phagocytosis and clearance of immune complexes. This can cause formation of new inflammation sites or even a systemic inflammatory response. Our hypothesis is further supported with low IL-12 levels found in patients infected with DOBV. We believe that higher levels of IL-12 in patients infected with PUUV help to enable the development of cell-mediated immunity, resulting in a more successful clearance of immune complexes and consequently in a milder form of disease. Similar has been hypothesized for patients with sepsis caused by gramnegative bacteria, where a strong inflammatory response to lipopolisaharid in bacterial wall, characterized by cytokines such as TNF-α, IL-1, IL-6 and IL-12, is thought to trigger a strong regulatory response, with high levels of IL-10. This could lead into immunosuppression and consequently in the worst cases cause a multi-organ failure [25] .
Conclusions
To conclude, the results of our study favor the hypothesis that cytokine production imbalance might contribute to a more severe clinical course of HFRS. Nevertheless, further immunological studies are needed to clarify, whether this imbalance is a cause or a result of the clinical symptoms we are observing. Also, additional factors are undoubtedly involved in the pathogenesis of HFRS.
